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ABSTRACT
Supersoft X-ray sources (SSS) have been identified as white dwarfs accreting from bi-
nary companions and undergoing nuclear-burning of the accreted material on their surface.
Although expected to be a relatively numerous population from both binary evolution mod-
els and their identification as Type Ia supernova progenitor candidates, given the very soft
spectrum of SSSs relatively few are known. Here we report on the X-ray and optical prop-
erties of 1RXS J050526.3-684628, a previously unidentified accreting nuclear-burning white
dwarf located in the Large Magellanic Cloud (LMC). XMM-Newton observations enabled us
to study its X-ray spectrum and measure for the first time short period oscillations of ∼170 s.
By analysing newly obtained X-ray data by eROSITA, together with Swift observations and
archival ROSAT data, we have followed its long-term evolution over the last 3 decades. We
identify 1RXS J050526.3-684628 as a slowly-evolving post-nova SSS undergoing residual
surface nuclear-burning, which finally reached its peak in 2013 and is now declining. Though
long expected on theoretical grounds, such long-lived residual-burning objects had not yet
been found. By comparison with existing models, we find that the effective temperature and
luminosity evolution are consistent with a ∼0.7 M⊙ carbon-oxygen white dwarf accreting
∼10−9 M⊙/yr. Our results suggest there may be many more undiscovered SSSs and “missed”
novae awaiting dedicated deep X-ray searches in the LMC and elsewhere.
Key words: – X-rays: binaries – Transients – stars: white dwarfs – pulsars: individual:
1RXS J050526.3-684628 – galaxies: individual: LMC
1 INTRODUCTION
Super-soft X-ray sources (SSSs) are defined by their approximate
black-body spectra with temperatures and luminosities of 20-100
eV and ≥ 1035 erg s−1, respectively (Greiner 1996). Many SSS
are now understood to be binary systems wherein a white dwarf
(WD) undergoes surface nuclear-burning of matter accreted from
a companion star (Kahabka & van den Heuvel 1997). These sys-
tems may play a vital role in the origin of i-process elements
(Denissenkov et al. 2017), provide a unique probe of the warm in-
terstellar medium (Woods & Gilfanov 2016), and are an essential
benchmark in understanding the evolution of interacting binaries
(Chen et al. 2014, 2015). Perhaps most famously, if an accreting
⋆ E-mail: georgios.vasilopoulos@yale.edu
WD can grow to reach the Chandrasekhar mass limit (≈ 1.4M⊙),
it may explode as a type Ia supernova.Although the total contri-
bution of such objects to the observed type Ia rate remains un-
certain (see review Maoz et al. 2014), recent abundance measure-
ments suggest a significant fraction of SNe Ia must originate in
near-Chandrasekhar mass explosions (Hitomi Collaboration et al.
2017).
The Magellanic Clouds harbour a well studied population
of SSS (Greiner 1996). Their moderate and well known dis-
tances, as well as the low Galactic foreground absorption, make
SSSs ideal targets for examining their bolometric luminosities and
spectral properties. Here, we provide the first identification of
1RXS J050526.3-684628 (hereafter J050526) as a very long-lived
post-nova SSS based on XMM-Newton observations carried out on
February 09, 2013 (obsid: 0693450201), and on October 19, 2017
© 2020 The Authors
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(obsid: 0803460101). Originally detected as a soft X-ray source
in the LMC during the ROSAT all-sky survey (Voges et al. 1999),
J050526 has remained uncharacterized until now, likely due to the
low statistics in the previously available data. In the following, we
report the X-ray spectral and temporal properties of the SSS sys-
tem observed by XMM-Newton, which confirm the nature of this
system as being consistent with an accreting white dwarf (WD) un-
dergoing residual nuclear-burning and short-period pulsations. We
also identify a possible optical counterpart from observations made
by the Optical Gravitational Lensing Experiment (OGLE).
2 DATA ANALYSIS
XMM-Newton data were analysed by using the Data Analysis soft-
ware SAS, version 17.0.0 and most recent calibration files. To
search for background flares, we defined a background threshold of
8 and 2.5 counts ks−1 arcmin−2 for the EPIC-pn and EPIC-MOS de-
tectors, respectively. Event extraction was performed using the SAS
task evselect, with filtering flags (#XMMEA_EP && PATTERN<=4
for pn and #XMMEA_EM && PATTERN<=12 for MOS). SAS tasks
rmfgen and arfgen were used to create the redistribution matrix
and ancillary file. Finally, we performed barycentric corrections to
the event arrival times.
The 2013 XMM-Newton (hereafter XMM13) observation (40
ks starting on MJD 56332.5) was affected by major background
flares, thus only the first ∼30 ks were used for our analysis. Ad-
ditionally, J050526 was projected in a CCD gap in the EPIC-
pn detector (∼80% of counts were lost). For the 2017 (hereafter
XMM17) observation, XMM-Newton observed J050526 for 55ks
(MJD 58045.2) while data were not affected by background flares.
The source detection was performed simultaneously on all the
images using the SAS task edetect_chain. To account for the
systematic uncertainties we performed boresight corrections based
on the source position of known X-ray sources in the field of XMM-
Newton. The X-ray positions were cross-corrected with those of
known AGN (Kozłowski et al. 2013), and a boresight correction
was computed as the median of the astrometric offsets. This re-
sulted in a localization of J050526 at αJ2000 = 05h05m21.s67 and
δJ2000 = −68◦45′38.′′0 (0.03′′ , 1σ statistical uncertainty). However,
the positional error is dominated by a systematic uncertainty of
∼0.5′′ (see Sturm et al. 2013).
2.1 Timing properties
We searched for a periodic signal in the barycentric corrected
XMM-Newton/EPIC events (merged event lists from the three de-
tectors). We limited our search to events with detector energies 0.2-
1.5 keV. We used epoch folding implemented through HENdrics
command-line scripts (Huppenkothen et al. 2019). A period of
∼170 s was detected in all data. To estimate period uncertainties
we followed Tsygankov et al. (2020); Vasilopoulos et al. (2020).
We first calculated time of arrivals of individual pulses and then
used a Bayesian approach of linear regression to fit them (Kelly
2007). For XMM13 we found a period P of 170.00±0.03 s (i.e. ν =
0.0058824 Hz), while for XMM17 we found P = 169.813 ± 0.014
s (i.e. ν = 0.0058888 Hz). This suggests a period derivative of
P˙ = −1.26(20) × 10−9s/s (i.e. ν˙ = 4.35 × 10−14 Hz/s).
We used the timing solution to create average and dynami-
cal (i.e. heat maps) pulse profiles for the two XMM-Newton ob-
servations (see Fig. 1). The pulse profiles were created by using
all XMM-Newton/EPIC events within the 0.2-1.5 keV energy band,
which resulted in 25k and 100k counts from observations XMM13
and XMM17 respectively. The time-averaged pulse profiles are sin-
gle peaked, however, the dynamical pulse profiles revealed some
variability. Specifically, the peak of the pulse modulates between
phase 0.4 and 0.7 (see XMM17 pulses in Fig. 1). By visually in-
specting the light-curve we identified intervals where the profile be-
came double-peaked with a secondary peak at phase 0.8-0.9, this is
evident in two consecutive pulses around ∼20 ks into the XMM13
observation (see left panel in Fig. 1).
2.2 Spectral properties
All spectra were regrouped to have at least 1 count per bin. Spec-
tral modeling was performed in XSPEC v12.10.1f (Arnaud 1996),
using C-statistics. The continuum of SSS spectra can be modeled
by either an empirical black-body (BB) model, or by a non-local
thermodynamic equilibrium model (NLTE) that provides a more
physical description of the WD atmosphere. Both have been suc-
cessfully used with CCD-quality spectra, where due to the lack of
high spectral resolution not all WD atmospheric lines and absorp-
tion edges can be resolved (e.g. Greiner et al. 1994; Ebisawa et al.
2001, 2010; Ness et al. 2013). We used publicly available1 NLTE
models for log g = 9 (in cgs units) and pure Hydrogen atmospheres
(Werner & Dreizler 1999; Rauch & Deetjen 2003). In the source
spectra there is also a high energy tail present, that can be ade-
quately fitted by a power-law (PL) component. From inspection
of the X-ray images the hard emission is consistent with a point
source and thus is intrinsic to the system. The hard X-ray emis-
sion in SSS has been proposed to be due to shocks within the nova
ejecta (see case for V1974 Cyg Krautter et al. 1996). To account
for the photo-electric absorption we used tbabs in xspec with
Solar abundances set according to Wilms et al. (2000) and atomic
cross sections from Verner et al. (1996). We used two absorption
components to account for the Galactic and the intrinsic absorption
of the LMC and the source (e.g. Vasilopoulos et al. 2013, 2014;
Haberl et al. 2017). We fixed the Galactic column density to the
value of 6.98×1020 cm−2 (Dickey & Lockman 1990). For the LMC
component, elemental abundances were fixed at 0.49 of the solar
values (Rolleston et al. 2002), and the column density was set as
free fit parameter.
For the XMM2013 data we fitted the model to spectra ob-
tained by all detectors (0.2-10.0 keV band), this was necessary as
the source was positioned at the CCD gap of the EPIC-pn detec-
tor. For the 2017 fit, we only used the spectra obtained by EPIC-
pn (0.2-10.0 keV band), because of the better calibration at lower
energies. Uncertainties were estimated by a Markov chain Monte
Carlo approach and the Goodman-Weare algorithm through xspec
(Confidence level of 2.706 σ). For the 2013 data the normalization
between the EPIC-mos and pn spectra was different by ∼20%, thus
we included this uncertainty in the errors of the reported fluxes. The
parameters of the best fit are presented in table 1 while the spectral
fits are shown in Fig. 2.
Comparing the BB and NLTE models, the BB shows a
better fit, however, this might be expected as NLTE models
have been reported to insufficiently model some absorption edges
(Ebisawa et al. 2010). Comparing the 2013 and 2017 data the flux
(and luminosity) of the system has dropped by a factor of ∼2. The
emission peak of either spectral component is below the lower limit
of the observed spectra. Thus, for either model the fitting is affected
1 http://astro.uni-tuebingen.de/~rauch/TMAF/TMAF.html
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Figure 1. Time-averaged pulse profile (black points in upper panels) and dynamical pulse profiles (i.e. heat maps in lower panels) of J050526 for the 2013 (left)
and 2017 (right) XMM-Newton data. In the heat-map there is evidence for a change in the pulse morphology within each observation. To better demonstrate
this variability we created pulse profiles from short intervals. For XMM13 we plot two consecutive pulses on top of the time-averaged profile (dashed red line
in left panel). For the XMM17 data, we created pulse profiles using 2 ks intervals and over-plotted them over the average profile. Extraction regions for the 2
pulse profiles are marked with coloured boxes on the heat map.
by our choice of the spectral range. We used as a lower limit the
0.2 keV range as it is commonly used for SSS systems in the lit-
erature, but we note that fitting the data in the 0.3-10.0 keV range
generally results in similar spectral shape but larger absorption and
larger bolometric Lx (factor of 2-4). This could be important when
comparing with other systems, where the spectral analysis was per-
formed in different energy bands.
2.3 Long term X-ray variability
We now turn to studying the historic X-ray light-curve of the
J050526 with data obtained over ∼30 years from multiple obser-
vatories. The first X-ray detection was made during the ROSAT
all-sky survey in November 1990 (Voges et al. 1999). Additional
ROSAT detections followed during pointed PSPC observations on
9 April 1992 (source 715; Haberl & Pietsch 1999) and HRI obser-
vations on 19 December 1997 (source LMC 23; Sasaki et al. 2000).
Apart from the 2 XMM-Newton pointed observations, J050526
has been detected 6 times in the XMM-Newton slew survey
(Saxton et al. 2008). J050526 was also detected in 11 Swift/XRT
pointings between 2011 and 2020 (Evans et al. 2014, 2020). To
calculate average count rates for all Swift/XRT detections, we ana-
lyzed available data through the Swift science data centre following
Evans et al. (2007, 2009). To convert count rates from all other in-
struments to unabsorbed LX in the 0.2-1.0 keV band we adopted
the best fit BB model from XMM17 (see Table 1). At this point we
comment on adopting a constant kTBB for the WD pseudophoto-
sphere to convert count rates to unabsorbed LX. Unfortunately, the
lack of observations with high statistics during the early states does
not allow us to perform spectral fit to the data. However, it is ex-
pected from theory (see, e.g., Wolf et al. 2013) that kTBB evolves
during the post nova phase. For low mass WD, kTBB can change by
a factor 1.5 over 10s of years (Soraisam et al. 2016), which would
result in an overestimate of LX when assuming constant kTBB at
earlier times. However, this could be compensated by an increased
column density in earlier times, as has been suggested by observa-
tions of the initial evolution of other post novae (Page et al. 2010)
such that we get a similar unabsorbed LX for a slightly reduced
kTBB with a bit higher column density.
During the course of the first all-sky survey (eRASS1)
J050526 was monitored in May 2020 by the eROSITA instru-
ment on board the Russian/German Spektrum-Roentgen-Gamma
(SRG) mission (Merloni et al. 2012). Between MJD 58981.37 and
58989.37, J050526 was scanned 49 times accumulating a total ex-
posure time of ∼1667 s. We extracted a combined spectrum from
the five eROSITA CCD cameras with on-chip Al blocking filter.
The other two cameras suffer from optical light leakage which re-
quires more complicated calibration, before they can be used for re-
liable spectral analysis. We fitted the spectrum with the same black-
body model as used for the XMM-Newton spectra. The best-fit pa-
rameters were determined to NH LMC = 0 (upper limit 1.8×1020
cm−2) and kTBB = 85.6 ± 4 eV, which results in Lx = 1.32+0.23−0.11×1036
erg s−1 (0.2-1.0 keV).
In Fig. 3 we present the resulting X-ray light-curve based on
all available X-ray data. As we will discuss in §3.2 this will enable
comparison with available theoretical models.
MNRAS 000, 1–9 (2020)
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Figure 2. Left panel: 2013 XMM-Newton spectrum of J050526. In the upper panel we plot the detector spectra from EPIC-pn (black) and EPIC-mos cameras
(red and cyan points). The best fit model (black steps) composed from NLTE (red) and power-law (green) components are also plotted. The lower two panels
show the residuals for the models presented in table 1. Right panels: same as left but for the XMM13 data and using only the EPIC-pn detector.
Table 1. Best-fit parameters of spectral models
XMM - 2013 XMM - 2017
Component Parameters BB model NLTE model BB model NLTE model Units
NH LMC(a) 2.0+0.7−0.7 6.7
+0.7
−0.8 2.2
+0.5
−0.4 6.9
+0.6
−0.5 10
20cm−2
Bbody kTBB 82.2+1.4−1.1 - 78.5
+1.1
−1.1 - eV
RBB
(b) 1060+80−80 - 830
+50
−50 - km
NLTE kTWD - 360+34−15 - 328
+10
−7 10
3 Kelvin
RWD
(c) - 14700±2900 - 13400±1200 km
PL Γ 1.7+0.6−0.5 0.3
+0.6
−0.8 2.5
+0.5
−0.4 1.2
+0.3
−0.3 -
Norm(d) 5.8+1.6−0.9 6.5
+2.7
−2.6 5.6
+1.8
−1.0 4.2
+0.7
−0.5 10
34 erg s−1
Cstat/DOF 629.2/433 761.5/433 294.8/185 355.9/185
FX,BB (0.2-2.0) 4.1±0.4 4.0±0.4 2.06±0.1 2.07±0.1 10−12 erg cm−2 s−1
LX,BB/WD (0.2-1.0)(e) 4.8+0.8−0.7 11.2
+2.3
−1.2 2.4
+0.1
−0.2 6.0
+0.4
−0.5 10
36 erg s−1
LX,WD Bolom.( f ) 6.6+0.5−0.4 25
+4
−3 3.4
+0.2
−0.3 14.7
+1.9
−1.6 10
36 erg s−1
(a) Column density of the absorption component with LMC abundances, column density of Galactic absorption was fixed to 6.98×1020cm−2 (see text for
details). (b) BB radius was estimated from the normalization of the model, assuming a distance of 50 kpc. (c) The size of the WD can be estimated assuming
LX = 4πRWDσT 4WD .
(d) Absorption corrected luminosity of the PL component in the 0.3-10.0 keV band. (e) Absorption corrected luminosity of the BB/NLTE
component in the 0.2-1.0 keV band. (f) Bolometric LX of the BB/NLTE component.
2.4 Possible optical counterpart
We searched the available catalogues for possible optical counter-
parts. However, many optical surveys could not deliver the desired
resolution and sensitivity (e.g. Massey 2002; Zaritsky et al. 2004).
Nevertheless, the region of interest was studied by the OGLE sur-
vey and several stars were detected within the X-ray error circle
(Udalski et al. 2000).
For the field around J050526, OGLE provides more than 20
years of monitoring data. OGLE images are taken in the V and
I filter pass-bands (B filter was also used during OGLE phase II),
while photometric magnitudes are calibrated to the standard VI sys-
tem (Udalski et al. 2015). There are a few possible optical coun-
terparts located near the X-ray position (Fig. 3). For complete-
ness, we extracted the optical light-curves of all 11 systems lo-
cated within 4.5′′ of the uncorrected X-ray position. We investi-
gated all the extracted I band light-curves, and noted that among
them only one showed evidence of significant variability (OGLE
ID: LMC510.12.65281). The long-term optical variability seems to
correlate well with the long-term evolution of the X-ray luminosity
of the system (right panel of Fig. 3). In close binary SSSs, the op-
tical light is dominated by the illuminated low-mass donor star and
the accretion disk around the WD (Greiner 1996), thus the optical
light-curve provides strong evidence that this is the correct counter-
part of J050526. The coordinates of the proposed OGLE counter-
part are R.A. = 05h05m21.s79 and Dec. = –68◦45′37.′′9 (J2000). The
OGLE II photometric data obtained during the lowest flux state of
the optical counterpart can provide an upper limit for the mass of
the proposed counterpart (Udalski et al. 2000). Photometric values
can be corrected for reddening, by adopting a Galactic extinction
curve (Fitzpatrick 1999). By using an E(B − V) extinction value
of 0.055 (Skowron et al. 2020) and the LMC distance module of
18.476 mag (Pietrzyn´ski et al. 2019) we find absolute magnitudes
of B∼1.627, V∼1.53 and I∼1.47 (average during OGLE II phase);
if we assume that the optical light originates exclusively from the
MNRAS 000, 1–9 (2020)
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Figure 3. Left: OGLE finding chart, the red circle with 3′′ radius is centered on the XMM-Newton 2013 detection, the blue circle with 1′′ radius marks
the location of J050526 based on the 2017 XMM-Newton detection after boresight correction. The most probable counterpart is located at the center of the
image and is marked with a cyan circle. All other counterparts within 4.5′′ of the XMM-Newton position are marked with various colours, with magenta
being the least likely. Right - Top panel: X-ray light curve of J050526 based on all the available X-ray detections. The Y-axis corresponds to the absorption
corrected luminosity (0.2-1.0 keV band) of the BB models presented in Table 1. Swift/XRT and ROSAT count-rates were converted adopting the spectral model
parameters derived from the XMM-Newton/EPIC spectra. Overplotted are theoretical predictions of post-nova evolutionary tracks from Soraisam et al. (2016),
and for WD masses of 0.9 M⊙ (dotted line), 0.8 M⊙ (dashed line) and 0.7 M⊙ (solid black line), we also plot the 0.7 M⊙ model stretched by 30% in time (red
solid line). Right - Bottom panel: OGLE I band light curve of LMC510.12.65281 (cyan circle left panel). Data obtained during the OGLE-II, III & IV phase.
star (neglecting both the accretion disk and irradiation), this is con-
sistent with a main sequence star close to 2M⊙. We return to this
point in §3.2.
Given the binary nature of the system it is possible that a pe-
riodical signal due to the orbital motion is imprinted in the opti-
cal lightcurve. To test this we computed the Lomb-Scargle peri-
odogram (VanderPlas 2018) of the complete OGLE data-set. for
completeness, we also limited our search to one year long chunks
of data. We focused on periods between 0.01 d and 100 d. No pe-
riodic signal was identified, and the only peaks in the periodogram
were consistent with the OGLE window function (1d, 0.5d, 0.33d
and so on).
3 DISCUSSION
3.1 The Nature of J050526
Examining the evolution of J050526 over the last 30 years, the
source experienced over a ten-fold increase in luminosity between
November 1990 and 2011, though initially rising only gradually
over the first decade. In order to constrain the properties of the ac-
creting WD undergoing this eruption, it is illustrative to compare
the source radii found from our spectral fitting with that expected
from theory. For cold, non-accreting carbon-oxygen WDs, the the-
oretical mass-radius relation gives (Panei et al. 2000):
R(M)
R⊙
= 0.0126
(
M
M⊙
)−1/3 1 −
(
M
1.456M⊙
)4/3
1/2
(1)
Looking first to our BB fits, we find that even at its greatest ex-
tent our best-fitting WD radius is consistent only with an extremely
massive (&1.4M⊙), extremely compact WD (or perhaps a small
region on the WD surface, see further discussion below). This
is strongly contradicted, however, by the low (as derived from
our black-body fits) luminosity and long timescale of the lumi-
nosity evolution observed for J050526– even at peak luminosity,
the implied accretion rate in the steady-hydrogen burning regime
(m˙ = L/(ǫH X) ≈ 3.4 × 10−8M⊙/yr, with ǫH ≈ 6.4e18 erg/g the en-
ergy release due to nuclear burning of hydrogen, and X ≈ 0.72 the
mass fraction of hydrogen) is well below the threshold for steady-
burning at this mass (∼ few× 10−7M⊙/yr, Nomoto et al. 2007), and
for such massive WDs at lower accretion rates, post-nova SSSs
evolve on timescales measured in days, not years (Wolf et al. 2013).
We conclude that in this case black-body models are inadequate;
detailed NLTE WD atmospheric models are essential in interpret-
ing the soft X-ray spectrum of J050526 (at least without additional
constraints frommultiwavelength data, see Skopal 2015, for further
discussion).
Turning to our NLTE fits (Table 1), we find approximate radius
∼15,000 km; substantially larger than even the lowest mass non-
accreting carbon oxygen WDs. This is consistent (see Fig. 4), how-
ever, with the inflated photospheres expected in a WD which is un-
dergoing residual nuclear-burning of hydrogen in its remaining en-
velope after a nova eruption (e.g., Wolf et al. 2013). Alternatively,
this could be an indication of a magnetic WD, as such systems ex-
hibit larger radii compared to non-magnetic ones (Suh & Mathews
2000).
In the upper right panel of Fig. 3, we compare the observed
X-ray luminosity evolution as measured with ROSAT, Swift, and
XMM-Newton (0.2-1.0 keV band), with theoretical models of the
MNRAS 000, 1–9 (2020)
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(Trudolyubov & Priedhorsky 2008) and J050526 (X05) that we present in this paper and the spectral parameters of the NLTE model (we used 5×1037 erg
s−1 as an upper limit for Lx). Also shown are the stable-burning models of Wolf et al. (2013) (gray squares), and the stable-burning (connected large black
dots) and nova (small black dot) white dwarf models of Nomoto et al. (2007). The latter’s “red giant” or optically-thick wind regime (maximally-accreting) is
denoted by the green shaded region.
post-nova hydrogen-burning SSS phase for a 0.7, 0.8, and 0.9 M⊙
WD accreting 10−9M⊙/yr (Wolf et al. 2013; Soraisam et al. 2016).
The slow rise and subsequent relatively fast decline from a peak lu-
minosity of ≈ 2.5×1037erg/s closely resembles the predicted evolu-
tion of a slowly accreting WD undergoing a post-nova SSS phase.
In particular, we find that the model for a 0.7 M⊙ WDmost closely
resembles the observed luminosity evolution of J050526, although
the predicted duration of the peak emission (Lx & ×1036 ergs−1) ex-
hibits a somewhat shorter timescale compared to the observed light
curve.
Before continuing our comparison with numerical results, we
must address two primary uncertainties in the post-nova models,
namely, the mass-loss mechanism during the nova outburst, and
mixing between the WD core and accreted matter. Wolf et al.
used two prescriptions in their post-nova MESA models – super-
Eddington wind (SEW), and Roche lobe (RL) overflow. The for-
mer is more appropriate for massive WDs (& 1 M⊙), which be-
come super-Eddington early and thereby never expand to their big-
ger RL radii. Soraisam et al. (2016) used only the SEW models to
construct the theoretical light curves since bright post-nova SSSs,
which arise from massive WDs, are expected to be observed gen-
erally. On the other hand, the lower mass WDs tend to fill their RL
radii before their luminosity becomes super-Eddington and thus,
the RL overflow prescription may be better suited for such WDs.
Theoretical light curves for these models are, however, not avail-
able. The wind prescription removes more mass than RL overflow,
hence the SSS duration is longer in the latter case (by a factor > 5
for 0.7M⊙; see Wolf et al. 2013). Furthermore, mixing has not been
incorporated in the MESA models. Mixing leads to a more violent
outburst, which ejects more mass and results in a reduced amount
of hydrogen remnant to burn and consequently, shortens the post-
nova SSS duration. However, quantifying this effect is difficult (and
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beyond the scope of this paper). In Fig. 3 (upper right panel), the
red curve shows the 0.7M⊙ model light curve stretched by a factor
1.3, which, interestingly, matches the data well, indicating that a
combination of the two uncertainties—mixing and mass-loss—can
account for the discrepancy between the observations and model.
Thus, all this evidence points to J050526 as likely a post-nova SSS.
We cannot further constrain its nature without additional available
models, which we therefore reserve for future work.
3.2 A post-nova SSS-irradiated donor?
Also requiring further study is the possibility that
LMC510.12.65281 is the optical counterpart of J050526. If
this is the case, what has caused its optical luminosity to rise and
fall so closely in tandem with the post-nova SSS X-ray luminosity,
long after what would have been the peak in the optical emission
of the nova itself? If we naively interpret the emission as arising
from the companion alone, its V magnitude and B-V colour are
consistent with a ∼2M⊙ main sequence or early subgiant star,
however the strong evolution in its luminosity and its correlation
with the soft X-ray flux suggest an additional component. During
this time, the inferred WD photospheric radius is too large, and the
accretion rate too low, for the disk luminosity to greatly exceed
∼L⊙. At the same time, the necessarily falling density of the
expanding nova ejecta would suggest it is unlikely that the rising
optical luminosity could be powered by photoionization of this
material by the WD.
Another possibility is that the residual nuclear-burning lumi-
nosity of the WD irradiates the donor, with a fraction of this flux
consequently being re-emitted in the optical. Approximating the
donor as spherically-symmetric, and assuming it is just filling its
Roche lobe, from the vantage point of the WD it will subtend an
area on the sky with an angular radius θ, i.e.:
tan(θ) ≈ Rdonor
a
=
0.49q2/3
0.6q2/3 + ln(1 + q1/3)
(2)
where Rdonor is the donor radius, a is the separation between the
donor and the WD, and their ratio depends only on the mass ratio
q = Mdonor/MWD (Eggleton 1983). For MWD ≈ 0.7M⊙, a donor
mass of 1–2M⊙ gives q ≈ 1.43 – 2.85, Rdonor/a ≈ 0.41–0.47, and θ ≈
0.39–0.44. This means the irradiated donor intercepts as much as
πθ2/4π ≈ 4 – 5% of the post-nova SSS’s luminosity, only a fraction
of which need be re-emitted by the donor’s envelope in the I band in
order to account for the light curve of LMC510.12.65281. Notably,
if we adopt a representative donor radius of ∼ 1– 2 R⊙, we may
also infer a binary orbital period of ≈0.2–0.6 days, comparable to
the short term ∼0.5 magnitude optical variations seen throughout
the OGLE light curve (recall Fig. 3). Before speculating further,
however, follow-up optical spectroscopy will be essential in order
to confirm the nature of LMC510.12.65281.
3.3 Origin of the 170s pulsational period
The high-frequency pulsations exhibited in the X-ray light curve of
J050526 add a further commonality with most, if not all SSSs (see
e.g., Ness et al. 2015), albeit with a slightly longer period than the
10 – 100s pulsations typically associated with this class. The origin
of SSS pulsations remains a mystery, however the shortest period
pulsations are generally argued to be associated with either the ro-
tational period of the WD (e.g., Odendaal et al. 2014) or g-mode
oscillations in the nuclear-burning envelope (Drake et al. 2003).
In the rotational period interpretation, the WD has been spun-
up by accretion, and accreting matter is funneled by a strong
magnetic field from the Keplerian disk toward the WD’s poles
(the system is an intermediate polar). Such an interpretation has
been put forward for the persistent supersoft source r2-12 in
M31 (Kong et al. 2002), with a similar pulse period of ∼218 s
(Trudolyubov & Priedhorsky 2008). Assuming a Keplerian accre-
tion disk, the torque induced onto the WD due to mass accretion
will be maximum when the magnetospheric radius RM is equal to
the co-rotation radius (i.e 43000 km). This is no different than the
case of an accreting neutron star, where the torque due to mass
accretion is Nacc = M˙
√
GMWDRM (e.g. Vasilopoulos et al. 2018,
2019). Thus the maximum spin-up rate due to accretion would be:
P˙ ∼ −2.2 × 10−15ss−1 M˙19I−150m2/3WDP7/3 (3)
where I50 is the WD’s moment of inertia in units of 1050 g cm−2,
M˙19 is the mass accretion rate in units of 1019g/s and mWD the
WD mass in units of M⊙. As a crude approximation, we may take
the WD as a constant density sphere within the cool WD radius
R(0.7M⊙) ≈ 0.011R⊙ (recall equation 1), ignoring the much lower
density envelope. This gives us I50 ≈ 3.4 and an upper bound on
P˙ ∼ −5 × 10−13ss−1, about 2000 lower than the observed P˙ for
J050526. Assuming that the periodic modulation is indeed due to
rotation, an alternative origin for the period’s evolution may be that
J050526 hosts a young contracting WD. This scenario has been
proposed for other systems, and can produce the observed P˙ for
a range of WD masses with ages below 1 Myr (see Popov et al.
2018).
Otherwise, this would appear to leave g-mode oscillations in
the nuclear-burning envelope as the only viable mechanism to ex-
plain the pulsations observed in J050526. It should be noted, how-
ever, that numerical models which have attempted to simulate such
non-radial oscillations, driven by the sensitivity of nuclear-burning
to compression (the ǫ-mechanism) at the base of the envelope, have
predicted much shorter period oscillations to be excited than are ob-
served in known SSSs (Wolf et al. 2018). This problem remains in
need of further investigation.
4 CONCLUSIONS
Largely disregarded upon its initial identification with ROSAT as
a nondescript X-ray source, the ∼2013 soft X-ray peak and subse-
quent decline of J050526 have revealed it to be a remarkably long-
lived post-nova SSS, with a WD mass below that common among
other known SSSs but typical of the broader accreting WD popu-
lation (e.g., Zorotovic et al. 2011). Indeed, J050526 is the longest-
duration post-nova SSS yet confirmed as such (Ness et al. 2008;
Henze et al. 2014), although amongst the known SSS population
of e.g., M31 there are likely many long-lived post-novae await-
ing further confirmation from long-term follow-up surveys (Orio
2006; Henze et al. 2014; Soraisam et al. 2016). As such, J050526
provides an invaluable probe of the poorly-understood, but likely
well-populated, long/soft/moderately faint segment of the parame-
ter space of WDX-ray transients, and a natural laboratory for future
X-ray pulsation and irradiation studies.
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